Optical spectroscopy using the echellete spectrograph and imager (ESI) on Keck II are presented for nearby major mergers of gas-rich galaxies. These Ultraluminous Infrared Galaxy (ULIRG) spectra show strong A star features and Hα emission, indicating recent starburst activity. We find that the strength of the Hβ absorption line increases with the projected distance from the center of the merger. We interpret this Hβ equivalent width (W Hβ ) as a measure of the time since star formation rapidly decreased, indicating older populations in the outer regions of the merger remnant. The time since star formation diminished in the outer regions increases with radius, while the star formation history in the central kpc is consistent with continuous star formation. We interpret this result as evidence that gas depletion occurs first in the outer disk, likely due to merger-induced gas inflow. Our empirical constraint on the gas inflow timescale is central to modeling merger-induced star formation and AGN activity. Theoretical models accurately predict the total amount of infalling gas but guess the timescale.
INTRODUCTION
Ultraluminous Infrared Galaxies (ULIRGs) are some of the most luminous objects in the local universe with log(L IR /L ⊙ ) > 12 -a result of starburst and nuclear activity triggered by major mergers. The number density of ULIRGs per unit comoving volume has evolved strongly causing ULIRGs to become a rare phenomenon locally, but infrared-luminous sources appear to dominate the star-forming activity beyond z ∼ 0.7 (Le Floc'h et al. 2005) . By studying local analogues of these important objects we can better understand the physical processes regulating their evolution.
The stellar kinematics and surface brightness profiles of many ULIRGs resemble those of field elliptical galaxies, suggesting that ULIRGs may develop into elliptical galaxies (Genzel et al. 2001) . For merging stellar disks, phase space density remains constant and therefore generally too low to match that of a giant elliptical born from this kind of merger (Hernquist et al. 1993) . Progenitors that contain a large gas fraction solve this discrepancy by allowing dissipation and star formation (Robertson et al. 2006 ); a condition well represented by ULIRGs. Gas consumption occurs over a relatively short period of time due to high star formation rates.
The high central concentration of molecular gas in ULIRGs indicates a strong burst of star formation in the central region of a kpc or less (Sanders et al. 1986 ). Integrated spectra hide the history of past and present star formation on larger scales. These properties are relevant to the accumulation of gas in the central region of the galaxy, feedback from supernovae and AGN, and the steepening of stellar age and metallicity gradients. In this paper we measure radial gradients in star formation intensity and the timescale since activity peaked in Sections 2 and 3. In Section 4, we compare this timescales to the dynamical age of the merger, use our empirical results to constrain gas inflow timescales, and discuss their relation to characteristic time scales in the galaxies.
DATA

Observations
We analyze echellete spectroscopy of ULIRGs imaged in R and K band by Murphy et al. (1996) that covers the 3900Å to 10,000Å bandpass. These galaxies have 60 µm flux of at least 2 Jy. Martin (2005 Martin ( , 2006 ) described these observations previously, presenting outflow speeds for the subset with CO velocities. The slit position angle includes a second nucleus when present (Table 1) . The average seeing was 0.
′′ 8, and the 1 ′′ slit provides ∼ 70 km s −1 resolution. We discuss 25 of the 40 ULIRG spectra. Inclusion requires the nuclear spectrum present relatively narrow Hβ emission, such that the half width at zero intensity is no more than 900 km s −1 . This cut allows us to identify Hβ absorption troughs when present. The resulting subsample includes a range of states in the merger progression. Murphy et al. (1996) classified them as double, single, and multiple nuclei systems. Veilleux et al. (2002) classified the merger state for 11 of the 25 objects. Using K-band images from Murphy, we apply the Veilleux scheme to the remainder. The sample consists of 8 binaries, 12 mergers, 4 old mergers and an additional multiple merger object (IRAS 10565+2448). We define a pre-merger subsample consisting of the 8 binaries and, as suggested by Murphy et al. (2001) , IRAS20046-0623, leaving 11 galaxies in the merger sample.
Measurements
The 20 ′′ slit allows the investigation of spatial variations in the spectrum. At some spatial positions, the spectra present a two-component Hβ line profile consisting of a broad absorption line and a narrow emission line (Fig. 1) . The presence of Hβ emission and absorption reveal different epochs of star formation.
We systematically examined the positional dependence of Hβ line profile by applying a sliding aperture to the data array that had the same spatial extent as a seeing Note. -Col.
(1): Name, Col.(2): Infrared K band morphology. "S", "D", and "M" denote a single, double and multiple nucleus morphology respectively (Murphy et al. 1996) . Col.(3): Optical R band morphology. Similar to R band morphology with an additional "t" to signify an extended tidal region, and "W" to denote a widely separated pair (Murphy et al. 1996) . Col. (Murphy et al. 1996) . Col.(6): redshift. Col.(7): Position angle of slit a Classifications directly from Veilleux et al. (2002) element (∼ 0 ′′ .8). A spectral region was extracted in the range of ±5500 km s −1 from the rest frame wavelength of Hβ. The absorption and emission components were fit simultaneously using non-linear least-squares fitting with MPFIT in IDL. We calculated the error vector for each spectrum from the total photon noise, i.e. line, continuum, and sky photons. These spectra exhibit continuous change from position to position due to atmospheric smearing, so parameters found from fitting one aperture position were supplied as the guess for the fit of the next position. The small, gray points in Figure 2 show the result. Over scales of a few kpc, this analysis often reveals an increase in Hβ absorption equivalent width, W Hβ , with distance from the peak continuum emission in the R band.
To eliminate effects due to correlated errors, we extracted spatially separated spectra based on the shape of these radial Hβ absorption and continuum surface brightness trends. These spectra are shown in Figure 3 and the larger black points in Figure 2 show the Hβ absorption equivalent width obtained by fitting these spectra. We discuss the spatial variations in these absorption equivalent widths in Section 3.2 and tabulate measurements in Table 3 for spatially extended objects. We measure Hα surface brightness in these same apertures. We correct for stellar absorption by measuring the absorption profile in Hβ. We then use the ratio of these absorption lines measured from models of stellar populations (Bruzual & Charlot 2003) to determine the amount of unresolved stellar absorption in Hα. This has a small effect with a maximum of 3Å which is small compared to the > 50Å measured in the emission lines. The flux in Hα emission is also corrected for extinction using the Balmer decrement and extinction laws (Calzetti et al. 2000) . A portion of this extinction is due to galactic dust. Where this is significant, we indicate the magnitudes of extinction for the individual objects in Section 3.4. The values are calculated using E(B-V) from Schlegel et al. (1998) and the extinction law of Cardelli et al. (1989) . We estimate areal star formation rate using the conversion SF R(M ⊙ yr
3. RESULTS Figure 4 shows that the measured Hβ absorption equivalent width usually increases with distance from the central maximum in continuum intensity. The gradient in W Hβ occurs with varying strength in different objects. This effect is more easily measured in the merger stage, implying its relation to the interaction at closest approach. Its presence however cannot be ruled out in younger and older objects due to having fainter continuum, which is not detected. In Figure 4 the trend can be clearly seen for IRAS 09111-1007 partly due to its relative symmetry on either side of the nucleus. Objects such as IRAS17208-0014 and IRAS23365+3603, clearly have more complicated spatial dependence, but show an overall increase in W Hβ out to the furthest apertures.
We attribute the strength of the absorption line to the star formation history. Type A stars produce strong Balmer absorption and dominate the stellar spectrum when hotter stars are absent. Prominent Balmer absorption in an integrated spectrum indicates either truncation of star formation activity in the past Gyr or a very rapid decrease in the star formation rate. Balmer emission distinguishes continuing star formation from regions where star formation completely stopped. Our results suggest that the star formation activity decreased markedly at different times at different distances from the center. We discuss this trend quantitatively in Section 3.2.
Comparison of W Hβ among Nuclei
Among the 25 spectra examined, the signal to noise was not always high enough to measure the spatial dependance of the line profile. We can, however, compare W Hβ among all the nuclei as illustrated in Figure 5 . In the pre-merger subsample we measured W Hβ of both nuclei seen. Of these 18 nuclei, 4 of them showed broad Hβ emission that did not allow the measurement of an underlying absorption line. A typical nucleus in the pre-merger sample presents W Hβ of 4Å, although the full range in W Hβ is large. In the merger sample, the median W Hβ is higher. Our sample is too small to be certain that this difference is significant; but, if verified, would suggest the central star formation declines once the nuclei merge. In the post merger phase, W Hβ would then continue to increase up to roughly 8 or 9Å before starting to decline, see below.
Stellar Population Ages
Various absorption lines emerge when different stellar types dominate the continuum flux.
From the stellar population modeling software GALAXEV (Bruzual & Charlot 2003) , we measure W Hβ as a function of time for three different star formation histories assuming solar metallicities. Figure 6 illustrates the SFHs considered: (1) δ function, (2) continuous star formation history that is extinguished after 40 Myr, and (3) continuing star formation. After a truncation in the star formation history, short lived O and B type stars quickly evolve off of the main sequence and only weakly contribute to the continuum. The dominant stellar population gradually moves to later stellar types, causing their features to become apparent in the continuum. A single A5V star can have W Hβ up to 20Å, however the spread in stellar types does not allow a simple stellar population to reach such high equivalent widths. nuclei that are present in the spectra due to the presence of emission broad enough to make an absorption component can not be discerned. The merger stage objects are predominantly between 4 and 7Å. The sample of old mergers is small, but the measured nuclei are greater than 5Å.
For the discontinuous star formation histories W Hβ rapidly increases to 9Å in 0.3 Gyr due to the short lifetimes of high mass stars. Since star formation has stopped, these stars are no longer contributing sufficient continuum to damp out Hβ absorption contributed by the continua of existing A stars. After 0.3 Gyr, the downturn in W Hβ is due to the death of A stars and abundance of long lasting late-type stars. A continuing star formation history reaches its maximum W Hβ (6Å) at 1 Gyr, when A stars dominate the continuum as well, but can not reach the same value as truncated models due to the presence of newly formed high mass stars. Two typical parameters used for measuring stellar population ages are Hδ and D4000, however these parameters were not well represented in these data. Hβ however has a similar dependence to Hδ, owing to its very similar origins (Fig.  6 ). We expect that D400 would show a steady increase along with the Balmer measurements and become large for even older populations.
Equivalent widths in Hβ greater than 6Å require that a truncation in the star formation has occurred in the last Gyr. A continuing star formation history, however, reaches a maximum of 6Å in equivalent width as the population reaches an equilibrium of births and deaths of A stars.
Other Sources of Spatial Gradients in W Hβ
Measurements of Balmer line equivalent widths indicate the age of a coeval stellar population by measuring the relative contribution of continuum light by late B to early F stars. To better understand the measured gradient in W Hβ we explore how the measurement might be affected by other physical scenarios.
Previous studies (Poggianti & Wu 2000) estimate that an increased equivalent width is due to intermediate age stars having time to drift away from the dusty molecular cloud from which they were born. This effect can have a major effect in integrated spectra of entire objects. For this effect to be the cause of larger equivalent width at larger radii, the population of hidden young stars must grow with distance from the nucleus.
Though dust does not create the observed gradient, it is important that the measured continuum is contributed only by the stellar population. Removal of too much sky continuum would boost the measured absorption equivalent width. These objects, however, have significant regions to fit sky along the slit and do not show evidence of appreciable over-correction in the final data frame. AGN could also contribute power law continuum to the spectrum. Veilleux et al. (2009) find ∼ 30% of the continuum in the object is contributed by power law. A contribution similar to this in the optical would cause the equivalent width to decrease by at most a factor of 1.5, but this contribution would only affect the central kpc. Gradients that occur on spatial scales larger than the seeing can not be caused by AGN.
Spatially Resolved Sub-sample
We define a spatially resolved sub-sample based on having extracted spectra in a least four apertures with SNR ≥ 5. This selection includes a set of objects from the late stages of the binary stage through the early stages of the old merger stage but is dominated by pre-merger and merger systems. We discuss each of these 10 objects individually below. We note the objects affected by significant Galactic extinction and correct the Hα flux for extinction within the object. Table 3 contains the measured star formation rate and stellar population ages for different apertures in each object. Our results suggest the following individual star formation histories for these objects.
IRAS15245+1019: This ULIRG has two K band nuclei separated by ≈ 4kpc. These two nuclei host star formation of 4.83 ± 0.05 and 6.8 ± 2.1 M ⊙ yr −1 kpc −2 for the brighter south-east nucleus and dimmer north west nucleus respectively. The relative dimness in the visible band of the southeast nucleus is due to high levels of extinction by dust. The brighter nucleus in the interaction has W Hβ 5.0 ± 0.12Å which indicates that star formation has been going on for 0.22 ± 0.02 Gyr. At 7kpc, however, there is little to no star formation occurring currently. W Hβ indicates that 0.2 ± 0.1 Gyr has passed since truncation.
IRAS20046-0623: From detailed analyses of galactic relative velocities and tidal tail characteristics, it is determined that IRAS20046-0623 has gone through pericenter in the last few times 10 7 years (Murphy et al. 2001 ). The separated nuclei are masked within the extended central bulge that appears in both K band and R band imaging. The morphology of the extended tails are representative of two nearly orthogonal disks in the process of merging. Peaks in star formation (3.95 ± 0.05 and 8.3 ± 0.7 M ⊙ yr −1 kpc −2 ) occur in the nuclei indicated in Murphy et al. (2001) . As shown in figure 2.c, these nuclear regions have W Hβ that indicate star formation Bruzual & Charlot (2003) . W Hδ shows slightly larger equivalent widths than W Hβ . D4000 defined by Kauffmann et al. (2003) is monotonic and has an enhanced sensitivity over the range that the Balmer absorption function turns over creating an ambiguity in age. Measurements of D4000 as a function of position for these objects will more clearly define population age. The two truncated star formation histories examined show the same age dependance, so they are represented with 1 line.
has continued for 0.18 ± 0.03 Gyr and 0.36 ± 0.07 Gyr. In the outer regions ∼ 2 kpc beyond both nuclei, star formation is weaker, and their W Hβ is beyond that attainable by CSF. The truncation time scale indicated by these measurements for these bins are from 80 to 100 Myr. Galactic dust contributes ∼ 0.16 magnitudes of extinction at the redshifted wavelength of Hα.
IRAS20087-0308: The morphology of the K-band image shows a single nucleus, implying that the two galaxies have fully merged. Similarly we see one centrally located position on the slit with continuing star formation. The SNR for this object makes W Hβ difficult to measure, but the nuclear measurement in this object does appear slightly lower than the extended regions. This difference is not significant enough to measure a gradient in the population age, so we estimate an overall age of 100 Myr since star formation stopped across the disk. Galactic dust contributes ∼ 0.31 magnitudes of extinction at the redshifted wavelength of Hα.
IRAS17208-0014: This galaxy has a single K band nucleus with many diffuse disturbed regions around it in the R band. The aperture with peak star formation (0.64 ± 0.03 M ⊙ yr −1 kpc −2 ) is adjacent to the region with the smallest W Hβ (4.7 ± 0.2Å) which corresponds to 170±30 Myr of continuous star formation (Figure 2.e) . Next to the K band centroid at the max of the R band continuum W Hβ = 6.6 ± 0.3Å and the star formation is diminished to 0.016 ± 0.003 M ⊙ yr −1 kpc −2 . This aperture shows an underlying population with a truncation time scale of 57 ± 10 Myr. The furthest aperture with a center 4.25 kpc from the nucleus has a slightly larger W Hβ and very little star formation, making the time since truncation of this population slightly larger at 100 ± 35 Myr. Galactic dust contributes ∼ 0.67 magnitudes of extinction at the redshifted wavelength of Hα.
IRAS18368+3549: The K-band morphology is a single nucleus with the R band revealing a faint tidal region encircling the nucleus. From this morphology we expect that the nuclei have completely merged and tidal distortions have had time to circularize. The nucleus has an W Hβ of 6.8 ± 0.4Å putting it beyond the maximum possible in CSF. This measurement represents a time scale of 77 ± 17 Myr in the truncated constant star formation history, and 95 ± 17 Myr in the δ-fn model. Star formation, however, is large in this nucleus (4.8 ± 0.5 M ⊙ yr −1 kpc −2 ) indicating that star formation may have been greater in the past, allowing this previous population to dominate the spectrum. W Hβ in the extended region at 10 kpc from the nucleus is very large putting it beyond the model describable with these star formation histories.
IRAS23365+3604: The morphology of this galaxy is similar to that of IRAS18368+3549, in that it has a bright nucleus with a tidal region that has had time to circularize. The nuclear regions have a peak in star formation rate (2.60 ± 0.02 M ⊙ yr −1 kpc −2 ), and low W Hβ (2.5 ± 0.1Å). This equivalent width is near a continuous region of the W Hβ -age curve, so the age of the burst is harder to discern. We estimate a range of 10 -30 Myr since continuous star formation began. Apertures exterior to this have similar times since a truncation of star formation (28 ± 3 Myr in a truncated constant star formation history, 42 ± 3 Myr in a δ-fn model). At a distance of 5.3 kpc from the nucleus, the slit intersects an extended tidal region, the center of which shows a dip in equivalent width (4.3 ± 0.4Å) in an otherwise increasing W Hβ with radius. In the furthest aperture no Hα emission is measured, but the measured W Hβ of absorption indicates that truncation occurred on a time scale (170 ± 50 Myr) similar to a continuing star formation model where W Hβ dips (129 ± 48 Myr). The absence of Hα emission does not necessarily mean that no emission exists in this region; it is possible that weak emission still exists that is masked out by the dust in the galaxy. Galactic dust contributes ∼ 0.19 magnitudes of extinction at the redshifted wavelength of Hα.
IRAS09111-1007: This galaxy has undisturbed tidal regions characteristic of post-merger morphology (Figure  2.a) . The central kpc has W Hβ = 4.5 ± 0.2Å, which is indicative of younger stellar populations. From this point, W Hβ increases toward the edge of the object, up to 9 -10Å at projected distances of 3 -5 kpc. These large equivalent widths imply that 300 Myr has passed since the truncation of star formation.
IRAS10378+1109: This galaxy has a compact nucleus, but it is measurable in several apertures. W Hβ is very low in the central aperture and is accompanied by strong star formation (6.73 ± 0.06 M ⊙ yr −1 kpc −2 ). At 4.7 kpc W Hβ is high relative to the center, indicating a truncation time scale of ∼ 90 Myr.
IRAS11506+1331: Star formation is maximum (2.23± 0.06 M ⊙ yr −1 kpc −2 ) in the central aperture. If a continuing star formation history were considered, the absorption (W Hβ = 6.2 ± 0.25Å) would indicate that constant star formation has continued for 1 Gyr, however the presence of a strong absorption line indicates that there was a previous burst of star formation that dominates the continuum over the stars being produced in the current epoch of star formation. In this case, the end of the previous burst of star formation would have ended 69 ± 9 Myr ago. Exterior to this, regions have diminished star formation rates (< 0.1 M ⊙ yr −1 kpc −2 ) and truncation time scales up to 150 ± 35 Myr at 7 kpc.
IRAS10565+2448: This object is classified as a multiple merger by (Murphy et al. 1996) , with a third component separated by 20 kpc from the brightest knot in our measurement. These data sample two of the nuclei and measure an increase in W Hβ with radius. In the stronger nucleus W Hβ drops to 1.8 ± 0.1 and has a large amount of star formation (7.28 ± 0.08 M ⊙ yr −1 kpc −2 ) indicating a very young population. W Hβ increases to 8.3 ± 0.5Å, corresponding to a truncation time scale of ∼ 180 Myr. A dip in the trend occurs off center of the weaker nucleus. The truncation timescale in this region is ∼ 50M yr.
From this analysis of the spatially-resolved subsample, we draw the following results. Objects such as IRAS20087-0308, IRAS18368+3459, IRAS23365-3604 and IRAS10565+2448 have regions at large radii that show no Hα, indicating that the star formation has been completely shut off. The others show examples of continuing, but decreased, star formation activity at larger radii. Often the star formation rate per unit area drops by at least a factor of 10 at the largest radii measured. Though the gradient varies among the galaxies, we see regularity in that the ages of the stellar populations increase toward outer radii. Table 3 compares these current star formation rates to W Hβ for all the apertures in the spatially resolved sample.
DISCUSSION
Simulations of gas-rich, galaxy -galaxy mergers predict an increase in star formation during the first passage and a second, stronger starburst at the time of actual merger (Mihos & Hernquist 1994; Lotz et al. 2008; Hopkins et al. 2009) ). The torques imparted on the gas during the merger cause the gas to flow inward, robbing the outer regions of fuel to generate stars. The infall is a well known result of the separation of stars from gas in the merger remnant; a consequence of the different collisional properties of stars and gas (Hopkins et al. 2009 ). This separation allows the stars to impart a torque on the gas and cause infall. Models imply the correlation between the dynamical age of the merger and the age of the starburst population (Lotz et al. 2008) but have yet to predict how much of the star formation occurs in the central kpc. A key aspect of merger models should be to trace gas migration and the location of star formation activity throughout the merger.
Observations in Kewley et al. (2006) provide circumstantial evidence relating gas inflow to the starburst and therefore to the interaction. Galaxy mergers with greater starburst strength have lower nuclear metallicity. This effect is expected to be due to the infall of pristine gas from the outer disk which dilutes the concentration of metals in the nucleus.
Close mergers clearly show this effect, but previous work did not address the timescale for gas inflow. Our spatially-resolved measurements of the time elapsed since peak star formation activity can be compared among premerger, merger, and post-merger systems. The results indirectly constrain the gas infall rate. The transport processes is important because it influences the age and metallicity gradients in the merger remnant as well as the strength of supernova and AGN feedback.
Implication of Radial Gradients in Star Formation
History for Gas Inflow Timescales In the spatially resolved sample, we measure an increase in W Hβ with increasing radius. This result suggests the time since suppression of star formation increases with distance from the center of the merger since W Hβ increases with time following a decrease in star formation rate. The reduction in star formation implies a decrease in gas surface density as found empirically by Kennicutt (1998) , SF R ∝ µ 1.4 , where µ is the surface density of gas. If star formation were the primary mechanism removing the gas, then the gas would be consumed more quickly in the highest density regions, τ ∼ µ/SF R ∝ µ −0.4 , i.e. the nuclei. Star formation alone produces a gradient oppositely sloped compared to the one measured. Our result therefore provides direct evidence that another mechanism moves gas out of the outer disk. Table 3 lists the time elapsed since the star formation rate or, equivalently, the gas surface density dropped abruptly. The time elapsed since peak star formation activity is typically 100 to 300 Myr at 5 to 10 kpc falling to less than 50 Myr within 5 kpc. These timescales indicate the minimum time for gas inflow since the gas need only flow inward, not necessarily all the way to the center of the merger. These corresponding maximum inflow speed are of order v inf low ∼ 68km s −1 (R/7kpc)/(t * /100M yr). We compare this to two timescales in ULIRGs: (1) the free fall timescale at a given radius in an isothermal sphere (mass density profile that goes as r −2 ) and (2) the orbital period. Both of these timescales increase linearly with radius. To determine the freefall timescale we calculate the average density within particular radii using a density profile of the form ρ 0 (r 0 /r) −2 with ρ 0 = 1.3 × 10 7 M ⊙ kpc − 3 the local halo mass density (Gates et al. 1995) . The average density of the Milky Way interior to a radius of 8 kpc is ρ MW ≈ 4×10 7 M ⊙ kpc −3 giving the free fall timescale τ f f (r) ≈ 40M yr ρ MW /ρ(r). The orbital period is τ orb (R) ≈ 220M yr(R/8kpc)/(v/220km s −1 ).
We find the gas depletion time scales are more often near the orbital period than the free fall timescale as shown in Figure 7 . 
Picture Emerging from Comparison of Stellar and
Dynamical Ages Gas migration toward the center slows down star formation in the outer radii. The paucity of massive stars allows W Hβ to grow. Regions closer to the nucleus are fed infalling gas from exterior regions, prolonging star formation and allowing W Hβ to remain low longer. As the merger advances, the cessation of star formation trails inward. All 25 ULIRGs have star formation in their center, indicating the gas surface density there remains above the threshold density. As discussed in Section 3.1, the higher W Hβ in the merger and post-merger objects may indicate the star formation rate is declining there. This result would indicate the central gas density begins to decline once the nuclei have merged. From our sample alone, for which the emission is not AGN dominated, we cannot say whether star formation or a nascent AGN will consume the remaining gas.
CONCLUSION
By examining the positional dependence of spectral indices in ESI long slit spectra , we determined the recent star formation history across galaxy -galaxy mergers.
Strong Hβ absorption indicates a diminished star formation rate over the past few hundred Myr, which should be accompanied by an increase in D4000, while hydrogen Balmer emission indicates the presence of massive stars from more recent star formation.
We find the measured W Hβ increases with radius in the sample of spatially resolved objects. We attribute the large W Hβ to a rapid decrease in star formation activity over 100 Myr ago at radii greater than 5 kpc. At radii of a few kpc, the activity appears to have decreased just 50 to 100 Myr ago based on the slightly lower, but still prominent, W Hβ . Our measurements in the central kpc are consistent with star formation continuing unabated. The nature of the gradient implies that gas was removed from larger radii first allowing the stellar populations to age.
We propose that these age gradients trace the inward flow of gas from large radii, adding to the central gas supply and prolonging the central starburst. Our data primarily address the pre-merger and early merger phases. At later stages, the surface brightness of a ULIRG is typically too low to make the equivalent measurement. We do, however, find preliminary evidence that these spectral indices in the nuclei of late mergers indicate decreasing star formation. We interpret these results as direct evidence for strong gas inflow in the pre-merger and early merger phases with a possible suppression by the late merger phase.
Assuming the time since star formation diminished reflects the gas inflow timescale, our measurements indicate that the infall of gas occurs over a time scale similar to the orbital period at a particular radius, albeit with a large range reaching down to the free fall time scale.
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